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ABSTRACT 

We report the discovery of an eclipsing binary star (KIC 7025851) near KOI 
565 (KIC 7025846) based on photometric observations of KOI 565 and several 
nearby stars acquired in two narrow bandpasses (790.2 and 794.3±2.0 nm) nearly- 
simultaneously with the GTC/OSIRIS. We use the individual photometry in each 
bandpass as well as the colors of KOI 565 and other nearby stars to determine that 
the source of the transit signal initially detected by Kepler is not due to a super- 
Earth-size planet around KOI 565. Instead, we find the source to be a background 
eclipsing binary star located ~15 arcsec to the North of KOI 565. We discuss 
future prospects for using high-precision multi-color photometry from the GTC to 
determine whether additional Kepler planet candidates have a planetary nature 
or are instead false positives (e.g., foreground or background eclipsing binaries 
or hierarchical triple systems). Our approach is complementary to multi-color 
follow-up observations of Kepler planet candidates currently being conducted 
with the Spitzer space telescope in the infrared as well as to other follow-up 
techniques. 

Subject headings: binaries: eclipsing — planetary systems — techniques: photo- 
metric 



1. Introduction 

At present, there are over 180 confirmed transiting planets, but only ~10% are estimated 
to be Neptune-size or smaller]^ The Kepler space mission, which launched in 2009, is 
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responsible for the discovery of a majority of the known transiting Neptune- and super- 
Earth-size planets. Some of the small planets K epler has discovered to date include Kepler- 
4b (a Neptune-size planet; iBorucki et al.l 120101). Kepler-9d (a super-Earth- size planet in a 
system with two Saturn-size plan ets; iHolman et al.ll2010t iTorres et al.ll201l[ ). Kepler-lOb (a 
rocky planet : iBatalha et al. 120111) . and Kepler 11-b, c, d, e, f, g (6 Neptune- to super-Earth- 



size planets; iLissauer et al. 



small planet candidates {Rp < 6. Rm: iBorucki et al. 



20111 ). Further, Kepler recen tly discovered over 1000 additional 

boilbh. While 80-95% of these candidates 



Morton fc JohnsonI 120111 ). identifying 



are expected to be true planets ( iBorucki et al.ll2011bl : 
which are false positives remains a challenge. 

The main sources of false positives are background (or, rarely, foreground) eclipsing 
binaries (EBs) or hierarchical multiple systems. Due to Kepler^s large PSF (~6 arcsec), the 
flux from a star that has an eclipsing stellar or planetary companion can be blended with the 
flux of Kepler's target star if the two stars are spatially co-aligned with each other. In these 
cases, it appears that the target star has a transiting companion. High-resolution ground- 
based imaging (adaptive optics or speckle imaging), spectroscopy, and Kepler's centroid 
analysis help to eliminate many blends, but can struggle in cases where the blend ed system 
is separated by less than ~0.1 arcsec from the target (e.g., IBorucki et al.ll2011bl ). Further, 
radial velocity (RV) follow- up is very time-consu ming for the typical Kepler target, which 
may be fainter than 1/~14 (IBatalha et al.ll2010[ ). In the absence of RV measurements, the 
detection of secondary transits or differences in the depths of individual transits can also 
be used to help rule out a blended system. Here, we consider an al ternative technique that 
(to the best of our knowledge) was fi r st dis cussed by iTingleyl (|2004| ) and first demonstrated 
observationally by lO' Donovan et al.l (j2006[ ) , which is to rule out blends b y measur i ng th e 
transit depth in different bandpasses. This is possible because, as shown by ITingleyl ( 120041 ). 
the color change during a transit event (i.e. the difference in the transit depth measured 
at different wavelengths) increases as the color between the different components of a blend 
increases. Therefore, observations acquired in multiple bandpasses can be used to reject a 
planet candidate if the measured transit depths in different bandpasses differ significantly, 
which could ind icate, for example, a blend with a stellar EB of a different spectral type than 
the target star ( lTinglevl[20o3 lo' Donovan et al.lbood : iTorres et allboill ). We note that the 
CoRoT space telescope even has a prism built-in for the purpose of vetting CoRoT planet 
candidates with multi-color photometry , further demonstrating the value of such a technique 
(lAuvergne eraDboOoi beeg et al.lboOQh . 



Here, we describe multi-wavelength observations acquired with the Optical System for 
Imaging and low Resolution Integrated Spectroscopy (OSIRIS) installed on the 10.4-m Gran 
Telescopio Canarias (GTC) that we used to determine the true nature of {Kepler Object 
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of Inter est) KOI 565.01@ KOI 565.01 [Kepler mag = 14.3) was presented by lBorucki et al.l 



teOllal ) as a super-Earth-size planet candidate, with an estimated planet radius of ~1.6 



Rffi , orbiting a 1 . 068 Rc:^ star with a period of 2.34 days. However, the recent paper by 



Borucki et al.l (l2011bf ) lists KOI 565.01 as most likely being a false positive, as Kepler 
measured a centroid shift of ~8 arcsec to the North of KOI 565, indicating that the star that 
is actually dimming is located on a pixel that is offset from the position of KOI 565. Given 
that we did not have this information at the time of the observations presented here, we 
operate under the assumption that we did not know whether KOI 565.01 was a true planet 
or false positive. In this case, it was possible for us to resolve the true source of the transit 
signal that contaminated Kepler^s photometry of KOI 565. We also present measurements 
of the color of KOI 565 and several nearby stars during the predicted transit event, which 
independently confirm that KOI 565 is in fact not the true host of the transit signal. More 
importantly, we show that the false positive would have been identified even if the separation 
between the stars was too small to either spatially resolve them or allow for the measurement 
of a centroid shift. Our approach offers an efficient false-positive identification method that 
is highly complementary to the multi-color follow-up photometry that is currently being 



conducted with the Spitzer space telescope at infrared wavelengths (e.g.. lFressin et al.ll201ll ) 
as well as to other ground-based follow-up techniques. 

We describe our observations in ^and the data reduction and light curve (LC) analysis 
in ^ In §l]we present our results and demonstrate that color photometry from the GTC can 
be used to help identify false positives from transit surveys. Finally, in ^ we conclude with 
a summary of our results and a discussion of our plans for future observations of additional 
Kepler planet candidates with the GTC. 



2. Observations 

We observed the target and several nearby stars around the predicted time of the transit 
event on 2010 September 19 using the OSIRIS tunable filter (TP) imager installed on the 
10.4-m GTC. With the TF imager, custom bandpasses with a central wavelength between 
651-934.5 nm and a FWHM of 1.2-2.0 nm can be specified. In this observing mode, the 
effective wavelength decreases radially outward from the optical centre, so we positioned the 
target and a "primary" reference star (i.e., most comparable in brightness to the target) 
at the same distance from the optical centre so that both stars would be observed at the 
same wavelengths. Several "secondary" reference stars were also observed, but they were 



^Also known as KIC 7025846 in the Kepler Input Catalog. 
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all at different distances from tlie optical centre and tlius were observed at sliglitly different 
wavelengtfis. During tlie observations, we alternated between two bandpasses centred on 
790.2 and 794.3 nm (at the location of the target on the CCD chip) and with FWHM of 2.0- 
nm. These bandpasses were specifically chosen as they minimize effects of telluri c absorption 



and em ission and yield extremely high differential precisions as demonstrated by I Colon et al. 



( l2010bl ). We used 1x1 binning, a fast pixel readout rate of 500 kHz, and read out a single 
window (containing the target and several reference stars) located on one CCD chip of 1415 
X 2830 pixels (equivalent to ~ 3x6 arcmin or ~56% of the CCD chip) in order to decrease 
the dead time between exposures. Due to the faintness of the target {V ~ 14.3) and the 
narrow bandpasses used, the exposure time (for both filter settings) was set to 180-s, with 
each exposure followed by approximately 21-s of dead time. 

The observations began at 21:52 UT on 2010 September 19 (during bright time) and 
ended the following morning at 01:55 UT. There were thin cirrus clouds around the time of 
observations. The airmass ranged from ~1.07 to 2.27. The actual seeing was better than 
1.0 arcsec, but the telescope was intentionally defocused to reduce pixel-to-pixel sensitivity 
variations, so the defocussed FWHM of the target varied between ~1. 3-2.0 arcsec (~10.2- 
15.5 pixels). The telescope's guiding system kept the images aligned within a few pixels 
during the observations, with the target's centroid coordinates shifting by < 2 pixels in 
either direction. 



The predicted mid-transit time based on the ephemeris and orbital period f romlBorucki et al 



2011a 



) was 23:59 UT (2455459.502 BJD) on 2010 September 19. However, iBorucki et al. 



(l2011bl ) presented an updated ephemeris and orbital period, so the transit event we observed 
occurred ~135 min later than initially predicted; because of this, our observations ended be- 



fore mid-transit. It should be noted that the updated ephemeris fro mlBorucki et al.l (1201 IbT) 
is still consistent with the uncertainty in the original ephemeri s from lBorucki et al.l (l2011al ). 
Furthermore, the e phemerides given in iBorucki et all (l2011af ) were based on ~43 days of 
observations, while IBorucki et al. fcoiibh cited ephemerides based on a much longer time 
baseline, thus allowing for significantly more precise constraints on the ephemerides. 



3. Data Reduction and Analysis 

Standard IRAF procedures for bias subtraction and flat-field correction were used. In 
total, 95 dome fiats were taken for each filter setting. We note that the dome lights do not 
produce a uniform illumination, so we added an illumination correction to the final fiat-field 
image. Due to the narrow filters used and position-dependent wavelength, all images contain 
sky (OH) emission rings. Therefore, we performed sky subtraction on all images using the 
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IRAF package TFred@ which measures the sky background while including the rings due to 
sky emission. We then performed aperture photometry on the target and several reference 
stars using standard IDL routines. We tested several different size apertures and based our 
final choice of aperture on that which yielded the smallest scatter in the relative flux ratios 
(i.e., the target flux divided by the total reference flux) outside of transit. The final aperture 
radius used in our analysis is 23 pixels (~2.9 arcsec). No sky annulus was needed due to 
the use of TFred, which automatically removes the sky background. These procedures were 
performed for each filter separately, but we considered the results for each bandpass and 
used the same aperture for each filter. We discarded 3-4 images taken in each bandpass due 
to errors in the reduction process that prohibited us from performing aperture photometry 
on these images. 

LCs for each bandpass were computed for KOI 565 by dividing the flux measured within 
the target aperture by the total weighted flux of an ensemble of reference stars. We used six 
reference stars in total to compute the reference ensemble flux. Even though these reference 
stars were located at different distances from the optical centre than the target, we found that 
using an ensemble of reference stars rather than just a single reference star greatly improved 
the signal-to- noise (S/N) ratio of our observations. Each LC was then normalized to the mean 
baseline (out-of-transit; OOT) flux ratio as measured in each bandpass. We corrected each 
LC against changes in the airmass, and in order to account for any additional systematics 



in th e LCs , we performed external parameter decorrelation (EPD; see, e.g., iBakos et al. 



20071 . I2OIOI ) against each of the following parameters: the X and Y centroid coordinates 
of the target on the image frames and the sharpness of the target's profile [equivalent to 
(2.35/FWHM)2]. 

The photometric uncertainties in the relative flux ratios include the photon noise of the 
target and the reference ensemble, the noise in the sky background around the target and 
references, and scintillation noise. We calculate the median photometric uncertainties to be 
0.987 mmag for both the 790.2 and 794.3-nm LCs, where the photon noise of the target 
dominates the errors. We also investigated the possibility of red noise within our data by 
computing the standard deviation of the flux ratios after averaging the data over several 
different bin sizes, and we found that our data follows the trend expected for white Gaussian 
noise. 



•^Written by D. H. Jones for the Taurus Tunable Filter, previously installed on the Anglo- Australian 
Telescope; http://www.aao.gov.au/local/www/jbh/ttf/adv_reduc.html 
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4. Results 

We present the results of our photometry in Table [1] and the corresponding LCs for 
KOI 565 in Figure [T]R Based o n the parameters of the candidate planet transiting KOI 565 



given by iBorucki et al.l (l2011al ). we expected to measure a transit depth of approximately 
182 ppm. Due to the somewhat low S/N ratio of our observations (the result of using very 
narrow bandpasses to observe a faint target while maintaining a reasonable exposure time), 
our photometric precisions (0.978 mmag) were insufficient to detect such a shallow transit. 
However, we did not need very high precisions to determine that another star near the target 
was the true source of the dimming that Kepler observed in KOI 565. 

We followed similar procedures as described in ^to compute the LCs of several stars 
within ~20 arcsec of the location of the target that might have contaminated Kepler pho- 
tometry of KOI 565, and we visually inspected their LCs to see if any showed a transit-like 
signal around the predicted time of the transit. For reference, we present the field of view 
around KOI 565 in Figure [2J From our analysis of stars near KOI 565, we determined that a 
star (KIC 7025851) approximately 15 arcsec to the North of KOI 565 is the true source of the 
transit signal, as we observed a significant decrease (> 15%) in the brightness of that star 
at the time of the predicted transit event. We present the LCs for KIC 7025851 in Figure 
El and the photometry is also given in Table [2J Although we were not able to observe a 
complete LC, based on both the minimum depth and shape of the LC, we deduce that KIC 
7025851 is a stellar EE. Thus, our identification of KIC 7025851 as a stellar EB that con- 
taminated Kepler^s photometry of KOI 565 is consistent with the magnitude and direction 



of the centroid shift as well as the eclipse ephemeris from the Kepler data ( IBorucki et al. 



201 Ibl ). The EB therefore has an ec lipse ephemeris of 2455 459.5956 BJD and orbital period 



of 2.340506 days [as determined by IBorucki et al.l ( 1201 Ibl )]. Based on the stars colors and 



relative brightnesses, we infer that KIC 7025851 is a background (rather than foreground) 
EB. 

Next, we consider the colors (790.2-nm — 794.3-nm) of the stars during the transit 
event. In Figure HJ we present the colors of KOI 565 and KIC 7025851. We also consider 
the color for an "unresolved" system, simulating a scenario in which the target star and EB 
are physically associated and thus could not be spatially resolved so that all their light is 
combined. For this case, we combine the fiux from KOI 565 with the fiux from KIC 7025851 



"^We note the observation times given are the Barycentric Juhan Dates in Barycentric Dy- 
namical Time (BJD_TDB), computed from the Juhan Dates using the calculator found at 
'http : / / astroutils . astronomy, ohio-state . edu/ time/utc2b j d . html 
given by Kepler are in the same time coordinate system. 



Eastman et al 



2010l) . 



The ephemerides 
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in each bandpass and then compute the color from the LCs of the unresolved systemjf] 
Letting Ai be the apparent magnitude in the 790.2-nm bandpass and A2 be the magnitude 
in the 794. 3- nm bandpass, we calculated the color indices as 

Ai-A2 = -2.51og^, (1) 

where we have taken the average of each pair of flux ratios in the 790.2-nm LC (i^Ai) and 
divided by the corresponding points in the 794.3-nm LC (Fx^). As illustrated in Figure IH 
we do not measure an appreciable change in the color of KOI 565 during the transit event, 
but the color of KIC 7025851 shows a significant color change. To compare the color changes 
for each star directly, we calculate the weighted mean colors and their uncertainties for the 
interval before the transit (i.e., the interval to the left of the leftmost dashed line in Figure 
H]) and compare those to the same values measured during the partial transit event. For KOI 
565, we calculate the difference in the mean colors to be 6.64±6.62 x 10~^, which is consistent 
with there being no difference in the colors at a level of la. On the contrary, the mean colors 
of KIC 7025851 differ at a confidence level of ~8.3(t, with a difference of 77.9 ±7.2 x 10"^ In 
the case of the hypothetical unresolved system, where we imagine the target and EB to be 
physically bound so the projected separation between the two stars is undetectable and all 
their light is added together, we would still measure an appreciable change in the color, with 
a difference of 47.9 ± 9.6 x 10~^ at a significance of ~3.8cr. The fact that we measure this 
large of a color change over such a narrow wavelength regime (~4-nm) during the transit 
event clearly indicates a non-planetary source of the color change , i.e., a stellar EB com posed 



of two stars with very different temperatures. For comparison, I Colon et al.l ( 1201 Obi ) found 
no appreciable difference between the in-transit and out-of-transit colors as measured from 
the same bandpasses used here for either TrES-2 or TrES-3, both of which host Jupiter-size 
planets. 



5. Discussion 

In this paper we have presented observations of a Kepler planet candidate acquired in 
two very narrow bandpasses. From our observations, we identified a nearby stellar EB in 
eclipse at the predicted time of the transit of the Kepler candidate. We also used our obser- 
vations to measure the change in the color of a hypothetical unresolved source (composed of 
the Kepler target and the stellar EB) during the transit event. The identification of a nearby 



^ Based on the separation of the target and the EB, it is most hkely that only a portion of the hght from 
the EB was blended with the light from KOI 565. See Figure [5] for further reference. 
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stellar EB and the measured color change during the transit event separately identify th e 
Kepler candidate as a false positive, thus confirming the findings of iBorucki et al.l ( l2011bl ). 
Based on the LCs of the resolved stars, we deduce that some of the light from a background 
stellar EB (KIC 7025851) contaminated the photometry of KOI 565 to mimic the transit of 
a super-Earth-size planet around KOI 565. 

The technique we describe in this paper is complementary to other follow-up observa- 
tions of transiting planet candidates that are currently being conducted. For example, the 
Spitzer space telescope is al so being used for f ollow-up of Kepler planet candidates with a 



wide infrared bandpass (e.g.. lFressin et al.ll201ll ). and the CoRoT space telescope has a prism 



built-in for the purpose of detecting chan ges in the color during transits of CoR oT planet 
candidates via three wide optical channels (lAuvergne et al.ll2009l : iDeeg et al.ll2009l ). However, 
while Spitzer and CoRoT will go offline in the near-future, our approach of acquiring ground- 
based transit photometry nearly-simultaneously in narrow optical bandpasses can be used 
indefinitely. When compared to multi-color photometry acquired with other ground-based 
telescopes, our technique has the advantage of being able to acquire multi-color photometry 
in a single transit observation. We note that some other ground-based instr uments are capa- 



ble of similar observations, e.g., the Simultaneous Quad IR Imager (SQIID; Ellis et al.lll993l ) 
at Kitt Peak National Observatory and ULTRACAM Jphillon et al.l boOTh at the William 
Herschel Telescope. However, the GTC/OSIRIS has a unique combination of a large field 
of view, a superior collecting area, and a wide selection of filters, which combined allows for 
very efficient high-precision multi-color photometry of faint Kepler targets. 

Multi-color photometry with the GTC is thus a useful tool for identifying false positives 
in transit surveys, since the magnitude of the color change during transit can be used to 
identify not only background (or foreground) EB stars but also physical triple star systems, 
which are difficult to reject as they dilute the transit depth and result in a negligible cen- 
troid shift. In the case of physical triples that are difficult to resolve spatially (e.g., with 
separations < 0.1 arcsec), high-precision multi-color photometry can be useful, as a mea- 
surable color change during trans it could indicate a blend with a stellar EB of a differen t 
spectral type than the tar get star (jTingleyll2004l : lO'Donovan et al.ll2006l : [Torres et al.ll201ll ). 
Morton fc Johnson! (120111 ) predict a slightly higher false positive rate for Kepler planet can- 
didates due to physical triples than background EBs. This is in part bec ause physical triples 
can o ften mimic the transit depth of Neptune-size planet candidates (IMorton fc Johnson 
20111). and Neptune-s ize planet candidates dominate the candidates discovered by Kepler 
(IBorucki et al.l 1201 Ibl ). Thus, high- precision multi-color photometry may be particularly 
useful for rejecting false positives within the class of Neptune-size planet candidates. 



A blend with a star that is hosting a transiting Jupiter- or Neptune-size planet will be 
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more difficult to reject with multi-color photometry, as the magnitude of the color change 
during transit will be much smaller than for a blend with a stellar EB. The most difficult 
scenario to reject with multi-color photometry is a hierarchical triple system, where a physi- 
cally associated companion star has a planetary companion. Our measurements presented in 
this paper would not have been sensitive to a blend with a star hosting a Jupiter-size planet. 
However, we emphasize that our results were based on observations in two narrow bandpasses 
with central wavelengths that differed by only ~4-nm. Future observations similar to those 
here could be conducted using OSIRIS's broadband ffiters. These broadband ffiters are much 
wider than those allowed by the TF imaging mode, but are still narrower than typical Sloan 
filters by a factor of ~2-4 so they still reduce effects of differential extinction and variable 
atmospheric absorption. The advantage of using slightly wider filters is to ensure that high 
S/N ratios are achieved even for fainter targets {V ~ 14-15) while maintaining a reasonable 
exposure time (< a few minutes). Further, a larger wavelength regime can be covered by 
observing in, for example, a bluer filter (e.g., ~666-nm) and a redder filter (e.g., ~858-nm), 
which can enhance the change in the color during a transit event. Observing in a red filter 
in particular will also hel p reduce stellar lirn b darkening (compared to the broad optical 
bandpass used by Kepler; IColon fc Fordll2009l ). so that for candidates determined to be true 



planets, measuring the transit depth in a red bandpass will improve estimates of the planet 
radius, density and thus bu lk composition (assuming a certain mass range for the candidate 
planet; [Valencia et al.ll2007l ). While TF imaging is particularly well-su ited for high-precision 
transit photometry of brighter targets (see, e.g., IColon et al.l l2010al Jbl). it is not ideal for 
fainter stars due to the longer exposure times required to get a high S/N ratio. The use of 
OSIRIS's broader filters that cover a larger wavelength regime is thus one possible way to 
boost the S/N ratio to reject blends with background, foreground or physically associated 
stars hosting transiting planets. 

With transit surveys like Kepler and CoRoT actively searching for and finding new 
planet candidates, it will be vital to use all the tools at hand to reject false positives and 
determine the true nature of the candidate planets. These observations demonstrate that 
multi-color photometry from the GTC is one additional tool that can help with the identi- 
fication of false positives in the coming years. 
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Table 1. Normalized Photometry of KOI 565 



A (nm) B.ID-2 155000 Flux Ratio Uucorlaiiity 
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1.00112 


0.00094 


790.2 
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0.99988 
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790.2 
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0.00094 


790.2 


459.42890 
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0.00096 


790.2 
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790.2 


459.43821 


1.00051 


0.00096 


790.2 


459.44286 
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0.00099 


790.2 


459.44751 


0.99994 


0.00098 


790.2 
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1.00065 


0.00097 


790.2 


459.45682 


1.00072 


0.00098 


790.2 


459.46147 
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0.00097 


790.2 


459.46612 


1.00161 
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790.2 
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1.00009 
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1.00043 


0.00097 
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459.48008 
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0.00099 


790.2 
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790.2 


459.48939 


0.99941 


0.00098 


790.2 


459.49404 
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0.00099 
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1.00070 


0.00100 
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459.50335 
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Table 1 — Continued 
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^The time stamps included here are the Barycen- 
tric JuUan Dates in Barycentric Dynamical Time 
(BJD_TDB) at mid-exposure. The flux ratios in- 
cluded here are those that have been corrected us- 
ing EPD and normalized to the baseline (OOT) flux 
ratios (see J}3]for further details). 
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Table 2. Normalized Photometry of KIC 7025851 



A (nm) B.ID-2 155000 Flux Ratio Uucoriaiiity 
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0.99824 
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0.00101 


790.2 
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790.2 
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0.00107 
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0.00111 


790.2 
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790.2 
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790.2 


459.54987 


0.88250 


0.00124 


790.2 


459.55453 


0.86431 


0.00116 


790.2 


459.55918 


0.84428 


0.00118 
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Table 2 — Continued 
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The columns are the same as in Table [H 
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Fig. 1. — Normalized LCs for nearly-simultaneous observations at 790.2±2.0 nm (blue cir- 
cles) and 794.3±2.0 nm (red squares) of KOI 565 as observed on 2010 September 19. The 
794.3-nm LC has been offset for clarity. The vertical dashed lines ir idicate (from left to rig ht) 
the predicted beginning of ingress and mid-transit time [based on lBorucki et al.l ( l2011bl )]. 
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Fig. 2. — Image from GTC/OSIRIS observations at 790.2-nm containing part of the field 
of view around KOI 565. This is only a small portion of the observed field of view, so 
the six reference stars used in our analysis are not shown here. The target is located at a 
= 19^17'"26.05^ S = 42°3l'34.3", and KIC 7025851 is located at a = 19'^17"^26.30^ S = 
42°31 48.9 . The small green circles around KOI 565 and KIC 7025851 indicate the size of 
the apertures used in our photometry (r ~ 23 pixels ~ 2.9 arcsec). The larger green circle 
around KOI 565 has a radius of 8 arcsec and is included simply to illu s trate w hich stars 
are located within a distance 8 arcsec from the target, as iBorucki et al.l (l2011bl ) measured 
a centroid shift of 8 arcsec to the North of the target. The position of the star causing 
the centroid shift is typically at a slightly further distance, so the position of KIC 7025851 
relative to KOI 565 is consistent with measurements from Kepler. 
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Fig. 3. — Similar to Figured! but for KIC 7025851. While only a partial eclipse was observed, 
the minimum depth of the LC is comparable to what is expected for a stellar EB. 
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Fig. 4. — The colors as computed between the 790.2 and 794.3 nm observations of (a) KOI 
565, (b) a stellar EB (KIC 7025851), and (c) for an "unresolved" system (the target light 
combined with the light from the EB). In each panel, the vertical dashed lines indicate 
(from left to right) th e approximate beginning of ingress and the mid-transit time (based on 
Borucki et al.ll2011b( ). The vertical scale is the same for each panel for ease of comparison. 
There is no change in the color seen for KOI 565, but for the EB as well as the hypothetical 
unresolved system, we measure an appreciable difference in the color during the transit event. 



